ABSTRACT
INTRODUCTION
There has been an increasing interest in innovation capabilities (see for example [2] , [11] ).
While all seem to agree that innovation could be recognized as a key success factors in an increasingly competitive, global economy. However, successful and sustained innovation presents challenges rooted in technological uncertainties, ambiguous market signals and embryonic competitive structure [6] . Some scholars have argued that the successful innovation is highly dependent on how the systematic that organizations use to develop new and improved products, services, production systems and businesses process [33] .
For example, [26] , [27] , [31] believes that innovation readiness level intended to help implement innovation over the lifecycle more effectively. Other researchers, such as The National Aeronautics and Space Administration (NASA, [20] ), argues that "Technology Readiness Level (TRL) metric to assess the risk associated with technology development". The study developed innovation maturity level to enterprises in order to help implement innovation over the lifecycle more effectively. It is also expected to apply as a management tool.
Recent innovation management research has suggested that innovation capability may indeed facilitate processes beneficial to readiness level developing. These specific benefits include improved all company innovation work processes [14] , [30] , provided an overview of the relative maturity and assess their relevance to the company [13] . Forsman et al [11] draws a common framework for assessing how regional development efforts meet the needs of innovation development in small enterprises. Akman and Yilmaz [1] provided extensive discussion of the important factors the influence mostly innovation capability of firms, such as market orientation, technological orientation and innovation strategy. A comprehensive understanding of lifecycle of innovation can include two phases: technological development and market evolution. Some existing theories on the process of innovation, TRL [18] provide guidance for managing the technological phase. System Readiness Level (SRL) [25] , the market adoption model [19] , Diffusion of Innovation Theory [23] , and product life cycle of innovation [3] are process patterns rather than management approaches; they illustrate and help to understanding the phase of market evolution. Therefore, these theories are considered useful when developing a comprehensive lifecycle of innovation, as part of the conceptual framework of this research.
Most of the previous studies on innovation maturity described a technology maturity and system development maturity. The National Aeronautics and Space Administration (NASA, [20] ) instituted a seven level Technology Readiness Level (TRL) metric to assess the risk associated with technology development. The Department of Defense (DoD) began implementing the TRL as a metric to assess the maturity of a program's technologies before its system development begins [8] , [9] . The mission for technology-based companies is to bring technology to market successfully. It is crucial that this process is run effectively with market and organizational risks [6] . In the process on managing innovation, TRL provides a checklist of key activities for managing the technological development phase. Hence, there may be scope for considering innovation as a multi-aspect process, in which not only technology, market and organization but also other key aspects are taken into account more explicitly through the lifecycle.
TRL are useful methods for measuring technology readiness, they fail to account for negative aspects that immature technologies can introduce to system. Consequently, despite the utility and value of the TRL as a metric for determining technology maturity before transitioning into a system, we content that TRLs were not intended to address system integration or to indicate that the technology will result in successful development of a system [16] , [17] . It is our premise that IRL is not an end state to determining a system's readiness based on: [24] • TRL is only a measure of an individual technology and not systems readiness;
• There is no method for integrating TRLs; and
• There is no proven, tested, systematic index of systems readiness
The System Readiness Level (SRL) is an index of maturity applied at the system-level concept with objective of correlating this indexing to appropriate system engineering management principles [28] . The UK MoD [29] has introduced System Readiness Level (SRL) to assess system maturity. The SRL we will describe and demonstrate is a function and scale that incorporates the current TRL scale along with a scale of integration. The combination for utilization of the SRL we content aids in making strategic decision during defense acquisition.
Technology and systems development follow similar evolution (or maturation) paths, a technology is inserted into a system based on maturity, functionality, environmental readiness, and ability to integrate into the intended system. However, many of factors that may determine the successful development of a system into its operational environment are not always effectively implemented during the developmental lifecycle [21] . As shown in the above literature review, existing research in TRL and SRL has ignored the role of the management of innovation. Hence, in order to help fill this gap in our knowledge, this study developed an explicit model which can be used as a tool for managing the process.
The purpose of the study reported here was to explore how technological, market and other associated aspects of innovation readiness can be depicted over the lifecycle and to provide the Innovation Readiness Level (IRL) framework as a tool for managers to position themselves and take into account key elements relating to innovation. The specific aims in this study are (a)
To develop a generic readiness model that can be abstracted and applied to managing the process of innovation in industry and (b) To establish generic activities for each phase of the innovation lifecycle [32] .
In summary, this research intended to address the management of the process of innovation by explicitly considering the five key aspects of innovation: technology, market, organization, partnership and risk, through the full lifecycle of innovation. The paper begins, on section 2, research design, using case study approach to gain an in-depth and holistic understanding of innovation maturity. Next, on section 3, some existing theories on the process of innovation are done. On section 4, the comparison of background information for the four case studies in this research, developing the framework of IRL. Finally, on section 5, conclusions and future work are presented.
RESEACH DESIGN
The research was designed to achieve these aims: (1) developing a generic readiness model that can be applied to managing the process of innovation in industry (2) establishing generic activities and criteria for each phase of the innovation lifecycle. This study employed a qualitative case study approach to gain an in-depth and holistic understanding of innovation maturity.
METHODOLOGY
Step 1: Literature Review This research procedure is doing from some existing innovation theories stress the technological development, such as Technology Readiness Levels [18] , System Readiness Levels; while others concentrate on market evaluation, such as the theory of Diffusion of Innovation [23] , Market Adoption Model [19] and Product Lifecycle [3] .
Step 2: Interviewing (practice) review Further cases studies were then conducted with leading companies in various industrial sectors, in order to develop and refine the conceptual framework of IRL. The objective in selecting the research subjects is to choose appropriate companies that would allow generalization of the finding. The companies that have participated in this research are outlined in Table 1 . Step 3: Emerging framework
The framework of IRL is six 'C" model, which separates the comprehensive life cycle of innovation into six phases (readiness levels), and addresses the management of process of innovation by considering five key aspects which are defined below. The purpose of defining these terms is to provide a precise understanding in context of this research. Based on the discussion above, the key literature reviewed that relates to lifecycle models is mapped onto the conceptual framework of IRL, presenting an overview of existing literature (Table 2) Key activities [15] . Partnership Risk
Step 4: Content analysis and Refine framework
SOME EXISTING THEORIES ON THE PROCESS OF INNOVATION

THE PRODUCT LIFE CYCLE
The Product life cycle, as Figure 1 portrays, can be described by an S-curve. From the perspective of profit with respect to time, the curve can generally be classified into four stages as follows:
(1) Market introduction: The market introduction of products begins when a new and innovative product passes quality and function tests, and is introduced to customers. No products already in the market share the functions or appearance of the product, and thus the market is uncontested.
(2) Growth: When the innovative products are marketed and gradually approved by customers, profits also increase. If the products have superior functions and technology to existing products, and if this superiority is confirmed by market testing and use, the products and their corresponding technologies will replace existing products. However, if customers do not appreciate the innovations, the products will quickly vanish from the market. When a product is successful, more and more enterprises will begin to develop similar products and technology.
Meanwhile, the original enterprises, which have been involved in researching such products since their beginnings, will seek to constantly improve their products according to the requirements of customers to enhance their competitiveness.
(3) Maturity: Reliability and quality of products peak during this period. Enterprises also profit enormously, but profit growth begins to slow. A few brands of products dominate the market.
(4) Decline: A new generation of products appears. Most enterprises' products lose their competitiveness since the appearance of mainstream brands. Price competition characterizes this period. Key issues and activities are denotes as Table 3 . 
SYSTEM READINESS LEVEL
System Readiness level (SRL) will be defined by the current state of development of a system in relation to the United States Department of Defense's (DoD) Phases of Development for the Life Cycle Management Framework [8] . SRL has five phases (readiness level): (1) concept refinement, (2) technology development, (3) system development & demonstration, (4) production & development (5) These categories follow a standard deviation-curve, very little innovators adopt the innovation in the beginning (2,5%), early adopters making up for 13,5% a short time later, the early majority 34%, the late majority 34% and after some time finally the laggards make up for 16% 
MARKET ADOPTION MODEL
The Lifecycle model suggests that market adoption reflects a ball curve that tracks to customer/customer adoption of a new technology, product service. The "early adopters" are interested in testing out and trying something new. After the early adopters targeted market beachheads that represent segments with specific needs that become reference points for other segments. The technology then moves from customer solutions for specific segments to mass manufacturing and distribution of standardized products for the mass market. From there, the market matures. This is when late adopters who are adverse to "risk" begin purchasing the tried and true solutions. Competitiveness becomes almost entirely based on incremental improvements and economies of sale.
TECHNOLOGY READINESS LEVEL
Technology Readiness Level (TRL) is a measure used by some United States government agencies and many of the world's major companies (and agencies) to assess the maturity of evolving technologies (materials, components, devices, etc.) prior to incorporating that technology into a system or subsystem. The most common definitions are those used by the Department of Defense (DoD) and the National Aeronautics and Space Administration (NASA). TRL were originally developed by NASA in the 1980s. The original definitions only included seven levels. These were later expanded to nine levels. Figure 3 : Market Adoption Model (Source: [19] ).
The primary purpose of using Technology Readiness Levels is to help management in making decisions concerning the development and transitioning of technology (Source: [7] ), Defense Acquisition Guidebook). 
DEVELOPING FRAMEWORK OF INNOVATION READINESS LEVELS (IRL)
CONCEPTUAL FRAMEWORK
Based on the above discussion and the thinking of [27] , the conceptual framework of IRL is proposed. The framework is six 'C" model, which separates the comprehensive life cycle of innovation into six phases (readiness levels), and addresses the management of process of innovation by considering five key aspects which are defined below (see Table 1 ).
(1) Defining the key aspects considered in IRL:
(a) Technology: Technology is the process by which humans modify nature to meet their needs and wants. Technology defines as the ways and means by which humans produce purposeful material artifacts and effects [2] . It thinks of technology in terms of its artifacts, such as computers and software, mobile phones, automobiles, aircraft, and medical devices. But technology is more than these tangible products. It includes the entire infrastructure and knowledge necessary for the design, manufacture, operation, and repair of technological artifacts, from corporate headquarters and engineering schools to manufacturing plants and maintenance facilities.
(b) Market: Marketing has the core strategic responsibility for the customer-supplier relationship. The term market refers to the groups of consumers or organizations that are interested in innovative technology or the product, have the resources to purchase the product, and are permitted by law and other regulations to acquire the product [10] , [22] ). (e) Risk: The ways of assessing of addressing risks must come high on the list of techniques for managing innovation projects [12] . Risk refers to a combined concept that denotes a potential negative impact on innovation at the business level. In the management of the process of innovation, this concept integrates technological, market and organizational risks [10] , which are considered or assessed in certain levels of IRL.
(2) Defining the phases of IRL: [10] . (e) Competition: This is the mature phase of the market, when it has reached a state of equilibrium marked by the absence of significant growth or innovation (adapted from [19] ). The main mission in this phase is to maintain and enhance the position of innovation and to cope with competition.
(f) Changeover/Closedown: These are the two options in the declining stage of the market.
Changeover refers to the re-innovation of technology, inaugurating new markets, transformation of the business model, and corporate re-invention, in order to seek and develop competitive advantage. On the other hand, closedown means the innovation has come to obsolescence and exits.
CASE STUDIES
The innovation supply chain is a methodology used to efficiently integrate suppliers and research-intensive organizations to ensure materials and information are made accessible and distributed in the right quantities, to the right locations, at the right time. In order to speed up the process of innovation, reduce costs and improve quality. Table 1 The main products for A Corp are FDA tools and IP, for B they are web and blog products, for C and D they are design products.
A CORP-EDA TOOLS AND IP PROVIDER
A Corp efficiently integrates suppliers and customers to ensure products and information are made accessible and distributed at the right qualities, to the right locations, at the right time, in order to speed the process of information reduce costs and innovation quality.
A Corp provides a framework for a seamless, streamlined approach to planning, sourcing and delivering products. It introduces intellectual capital (that is IP), information management (Web technology) and regulatory compliance (commitment to customers and employee) into the traditional supply chain methodology. A Corp involves full co-operation between suppliers, R&D, designer /engineers, marketers, distributors and customers in practice. It focus on developing, using, maintaining and extending the enabling determinants for effective implementation mechanisms and structures, effective external linkages, strategic approaches to innovation, and supporting organizational context for the innovation process.
B CORP-WEB AND BLOG DESIGN
B Corp helped itself and other firms to establish a virtual industry through its innovation supply chain solution. Corp B is seeking possibilities to establish a formal process for management technological innovation with the following functions:
(1)R&D: Through web platform to provide "production website" with capability of speed, large volume and low cost; the blog of B Corp is the website component platform with the greatest sale and depth, it can dynamically decompose and construct a whole website and provide cross-website copy capabilities of the whole website.
(2) Design: It provides the design platform of the website DNA version; there is no need to revise the program, it quickly provides ten thousand website versions due to its industrial characteristics, and provides upgrading capability of dynamic website DNA; it can dynamically upgrade the mechanism function of website in real time. 
D Corp--IC design
D Corp efficiently integrates and fully co-operates with R&D, design, manufacturing, marketing and distribution to form a complete innovation supply chain and to ensure products and information are made accessible and distributed at the right qualities, to the right locations, at the right time, in order to speed the process of innovation, reduce costs and improve quality.
Detailed issues are discussed respectively:
(1) D Corp has developed an innovation supply chain consisting of R&D, design, manufacturing, marketing and distribution with suppliers, partners, customers and distributors.
(2) D Corp provides a framework for seamless, streamlined approach to planning, sourcing and delivering products and products. It has introduced intellectual capital, information management (Web technology) and regulatory compliance (commitment to customers and employees) into the traditional supply chain methodology. This is necessary, effective, and inevitable strategy to reduce costs, focus on the core business, maintain competitiveness, and obtain needs capabilities.
(3)The target of this borrowed strength is the upstream suppliers (such as EDA tools and IP venders), partners (such as TSMC and UMC) and the downstream customers (such as Sony, Phillips, and LG) and distributors (Global 28 distribution).
DEVELOPING THE FRAMEWORK OF IRL
The main output of this research is emerging framework of IRL, which is presented in Table 4 .
the literature reviewed provides a theoretical base for the conceptual thinking of IRL, while the four case studies, have conformed the feasibility of IRL and contributed to the development of the emerging framework of IRL. 
CONCLUSIONS
This paper has proposed and demonstrated the emerging framework of a new approach, "the process of innovation and implement", depicting the development of incremental innovation over the life cycle. It is also expected to apply as a tool to enable companies to assess their innovation management. Thus we provide the integration of innovation theories and innovation process to introduce a strategic management approach towards assessing innovation readiness as a source of sustainable competitive advantage. The innovation theories include the product life cycle, system readiness levels, the market adoption model, and technology readiness levels. Key activities and criteria within each phase of the lifecycle of innovation those derived from the literature and those observed from the cases.
We provide the following recommendations for further research.
(1) Create a new set of "Capability Readiness Levels" (CRLs) to assess a measure a system for a given context in its intended operational environment, i. e. to determine the degree of "Capability Readiness". (2) Design, develop and test a systematic index for "System Maturity"; and "Manufacturing Readiness Level".
